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We analyze the tauonic semileptonic baryon decays Λ0
b
→ Λ+c + τ
− + ν¯τ with particular
emphasis on the lepton helicity flip contributions which vanish for zero lepton masses. We
calculate the total rate, differential decay distributions, the longitudinal and transverse
polarization components of the Λ+c and the τ−, and the lepton-side forward-backward
asymmetries. We use the covariant confined quark model to provide numerical results
on these observables.
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1. Motivation
Recently there has been much discussion about tensions and discrepancies of some of
the experimental results on leptonic, semileptonic and rare decays involving (heavy)
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µ and τ leptons with the predictions of the Standard Model (SM). Among these
are the tauonic B decays B → τν, B → D τν¯τ and B → D∗ τ ν¯τ and the muonic
decays B → K∗µ+µ− and Br[B → Kµ+µ−]/Br[B → Ke+e−]. The situation has
been nicely summarized in 1–4.
This observation has inspired a number of searches for new physics beyond
the SM (BSM) in charged current interactions. Details can be found in the recent
literature on this subject (see, e.g. Refs. 5–17).
Motivated by the discrepancy between theory and experiment in the meson
sector we have analyzed in Ref. 21 the corresponding semileptonic baryon decays
Λ0b → Λ+c + τ− + ν¯τ within the SM with particular emphasis on the lepton he-
licity flip contributions which vanish for zero lepton masses. As in 18–20 we have
described the semileptonic decays using the helicity formalism which allows one to
include lepton mass and polarization effects without much additional effort. We
have calculated the total rate, differential decay distributions, the longitudinal and
transverse polarization of the daughter baryon and lepton-side forward-backward
asymmetries.
Here, we give a brief sketch of the results obtained in Ref. 21 starting with
the exact definition of physical observables via helicity amplitudes squared. Then
we provide numerical results on these observables by using the covariant confined
quark model. Also we replace an erroneous factor of “-3/2” with the correct factor
of “-3/4” in the definition of the forward-backward asymmetry and provide correct
numerical results for this quantity.
2. Helicity amplitudes and the polarization observables
The matrix element of the process Λ0b(p1) → Λ+c (p2) + W−off−shell(q) is expressed
via the vector and axial vector current matrix elements which can be expanded in
terms of a complete set of invariants
MVµ (λ1, λ2) = u¯2(p2, λ2)
[
FV1 (q
2)γµ − F
V
2 (q
2)
M1
iσµνq
ν +
FV3 (q
2)
M1
qµ
]
u1(p1, λ1),
MAµ (λ1, λ2) = u¯2(p2, λ2)
[
FA1 (q
2)γµ − F
A
2 (q
2)
M1
iσµνq
ν +
FA3 (q
2)
M1
qµ
]
γ5u1(p1, λ1)(1)
where σµν =
i
2 (γµγν − γνγµ) and q = p1 − p2. The labels λi = ± 12 denote the
helicities of the two baryons.
It is easiest to calculate the helicity amplitudes in the rest frame of the parent
baryon B1 where we choose the z–axis to be along the W
−
off−shell (see Fig. 1). They
read 21
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H
V/A
+ 1
2
t
=
√
Q±√
q2
(
M∓F
V/A
1 ±
q2
M1
F
V/A
3
)
,
H
V/A
+ 1
2
+1
=
√
2Q∓
(
F
V/A
1 ±
M±
M1
F
V/A
2
)
,
H
V/A
+ 1
2
0
=
√
Q∓√
q2
(
M±F
V/A
1 ±
q2
M1
F
V/A
2
)
. (2)
where we make use of the abbreviations M± =M1 ±M2 and Q± = M2± − q2.
The physical observables can be expressed in terms of helicity structure functions
given in terms of bilinear combinations of helicity amplitudes, see Table I of Ref. 21.
One obtains the normalized differential rate expressed in terms of the helicity
structure functions
dΓ
dq2
= Γ0
(q2 −m2ℓ)2|p2|
M71 q
2
{
HU + HL + δℓ
[
HU + HL + 3HS
] }
≡ Γ0 (q
2 −m2ℓ)2|p2|
M71 q
2
Htot. (3)
A forward-backward asymmetry is defined by
AℓFB(q
2) =
dΓ(F )− dΓ(B)
dΓ(F ) + dΓ(B)
= −3
4
HP + 4 δℓHSL
Htot
. (4)
One defines a convexity parameter CF (q
2) according to
CF (q
2) =
3
4
(1 − 2δℓ) HU − 2HL
Htot
. (5)
We obtain the cos θ averaged polarization components of the daughter baryon
Λb
ΛcθB
Λ
π+
W ∗− θ
ℓ−
ν¯ℓ
χ
z
x
Fig. 1. Definition of the angles θ,θ∗ and χ
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B2 (B2 = Λ
+
c in the present application). One obtains
P hz (q
2) =
ρ1/2 1/2 − ρ−1/2−1/2
ρ1/2 1/2 + ρ−1/2−1/2
=
HP +HLP + δℓ (HP +HLP + 3HSP )
Htot
,
P hx (q
2) =
2Re ρ1/2−1/2
ρ1/2 1/2 + ρ−1/2−1/2
= − 3π
4
√
2
HLT − 2 δℓHSTP
Htot . (6)
We have calculated the cos θ averaged polarization components of the lepton
with helicity flip contributions which can considerably change the magnitude of the
polarization |~P ℓ| and its orientation:
P ℓz (q
2) = −HU +HL − δℓ (HU +HL + 3HS)Htot ,
P ℓx(q
2) = − 3π
4
√
2
√
δℓ
HP − 2HSL
Htot . (7)
The polarization of the Λ+c can be probed by analyzing the angular decay dis-
tribution of the subsequent decay of the Λ+c . One can exploit the cascade nature of
the decay Λ0b → Λ+c (→ Λ0 + π+) +W−off−shell(→ ℓ− + ν¯ℓ) by writing down a joint
angular decay distribution involving the polar angles θ, θB and the azimuthal angles
χ defined by the decay products in their respective CM (center of mass) systems as
shown in Fig. 1.
3. The transition form factors in the covariant confined quark
model
We shall use the covariant confined quark model to describe the dynamics of the
current–induced Λb = (b[ud]) to Λc = (c[ud]) transition (see Refs.
23,22). The
starting point of the model is an interaction Lagrangian which describes the coupling
of the ΛQ-baryon to the relevant interpolating three-quark current. One has
LΛQint (x) = gΛQ Λ¯Q(x) · JΛQ(x) + gΛQ J¯ΛQ(x) · ΛQ(x) , (8)
JΛQ(x) =
∫
dx1
∫
dx2
∫
dx3 FΛQ(x;x1, x2, x3)J
(ΛQ)
3q (x1, x2, x3) ,
J
(ΛQ)
3q (x1, x2, x3) = ǫ
a1a2a3 Qa1(x1)u
a2(x2)C γ
5 da3(x3) ,
J¯ΛQ(x) =
∫
dx1
∫
dx2
∫
dx3 FΛQ(x;x1, x2, x3) J¯
(ΛQ)
3q (x1, x2, x3) ,
J¯
(ΛQ)
3q (x1, x2, x3) = ǫ
a1a2a3 d¯a3(x3) γ
5 C u¯a2(x2) · Q¯a1(x1) .
The form factors describing the ΛQ → ΛQ′ transition via the local weak quark
current are calculated in terms of a two-loop Feynman diagram. Due to the con-
finement mechanism of the model, the Feynman diagrams do not contain branch
points corresponding to on-shell quark production.
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The results of our numerical two-loop calculation are well represented by a
double–pole parametrization
F (q2) =
F (0)
1− as+ bs2 , s =
q2
M21
(9)
with high accuracy: the relative error is less than 1%.
In Table 1 we list q2 averaged helicity structure functions in units of 10−15 GeV.
The numbers in Table 1 show that the results of our dynamical calculation are
very close to the HQET results Γ˜L = Γ˜S = −Γ˜SLP , Γ˜SP = Γ˜LP = −Γ˜SL and
Γ˜STP = Γ˜LT . We do not display helicity flip results for the e mode, because they
are of order 10−6 − 10−7 in the above units.
In Table 2 we give the values of the integrated quantities. These can be obtained
from the nonflip and flip rates collected in Table 1. In most of the shown cases, the
mean values change considerably when going from the e to the τ modes including
even a sign change in < AℓFB >.
Table 1. q2 averaged helicity structure functions in
units of 10−15 GeV.
ΓU ΓL ΓLT ΓP ΓLp ΓLTp
e 12.4 19.6 -7.73 -7.61 -18.5 -3.50
τ 3.29 2.90 -2.06 -1.73 -2.46 -0.66
Γ˜U Γ˜L Γ˜S Γ˜LT Γ˜Sp Γ˜SL
τ 0.66 0.63 0.64 -0.41 -0.55 0.55
Γ˜P Γ˜Lp Γ˜LTp Γ˜STp Γ˜SLp
τ -0.37 -0.55 -0.14 -0.42 -0.64
Table 2. The integrated quantities of physical observables
< AℓFB > < CF > < P
h
z > < P
h
x > < P
ℓ
z > < P
ℓ
x >
e−ν¯e 0.18 −0.63 −0.82 0.40 −1.00 0.00
τ−ν¯τ −0.038 −0.10 −0.72 0.22 −0.32 0.55
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